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|xR=Ov= =@ xvwtv 3 '`tW Qy R= xm CU= xOW pta CQwY u}= x@ =y`tW u}= O=a@=
V}=tR; Cw=iDt O=a@= =@ `tW xDUO 4 pm QO '`k=w QO w OW=@ OwHwt u=Um} ,=@} QkD
w OyO MQ |y=@DW= '`tW l} V}=tR; pw] QO Qo = xm CU= u}= hOy "OwW|t
pL=Qt R= w Qo}O `tW wO G}=Dv =@ xU}=kt R= 'OwW pY=L pw@k p@=kQ}e |xH}Dv

"l =N |wQ Q@ xOWs=Hv= |=yV}=tR; G}=Dv u}ov=}t "1 pwOH
z (m) ! ��� Gs Cu Cc e Fc ���
1 0 3 7 3 05 1 62 1 00 0 82 0 17

"l =N XwYNt uRw w |Dtw=kt |=yQDt=Q=B "2 pwOH
z 
dry 
wet C

�0 Ncor
(m) (kN/m3) (kN/m3) (kpa)

1 0 16 45 17 06 6 0 33 20

"jta x@ C@Uv OQ=Ov=DU= Pwiv OOa C=Q}}eD Q=Owtv "6 pmW

=y`tW E=OL= "4
xm =Hv; R= "CU= xOW xO=iDU= hqe R= 'VywSB u}= QO |Q=iL C=}rta s=Hv= |=Q@
'OQ=Ov sRq |O=} R |wQ}v hqe uOQw;uwQ}@ w OvDUy lJwm V}=tR; OQwt |=y`tW
,=D@Uv K]U xm =Hv; R= =yxrwr u}= "CU= xOW xO=iDU= |wk Q=Wi PVC |=yxrwr R=
|oOQwNCUO ?Hwt QDsm 'OvQ=O |Oqwi |=yxrwr x@ C@Uv |QD|rk}Y w h=Y
xHwD =@ =y`tW CN=U QO "OvwW|t GQ=N QDu=U; |iQ] R= w OvwW|t h=Q]= l =N
|=ypw] w QDt|Dv=U 16 w 12 5 '11 Q]k =@ |}=yxrwr R= Q=R=@ QO OwHwt |=yQ]k x@

"CU= xOW xO=iDU= hrDNt
?}DQD u}= x@ "�7 pmW� OQ}o|t s=Hv= |Rri |x}=B Q=yJ l} ltm =@ |Q=iL
|xrwr l} QwD=QB= TBU w OwW|t xO=O Q=Qk u}tR |wQ OwN pLt QO hqe =OD@= xm
pw] w QDt|Dv=U 6 Q]k w QDt|r}t 2 |xQ=OH Ct=N[ =@ lR=v Q=OH |Oqwi l@U
"Ovm|t =yQ w OyO|t Q=Qk |Q=iL hqe pN=O =Q u; w OQ}o|t CUO QO =Q QDt 2 5
Ovm|t Pwiv l =N uwQO x@ QDt|Dv=U 10 =D 5 OwOL |Oqwi |xrwr ?}DQD u}= x@
hqe uwQO R= |Oqwi |xrwr TBU "Oar@|t =Q l =N '|}ximwO Q}oxvwtv Ovv=ty w
|Qw]x@ 'OwW|t Q=QmD Q=m u}= "OwW|t GQ=N xOQw; x=Qty x@ xm |m =N w xOW GQ=N
Q=Wi ltm =@ hqe TBU w |Q=iL l =N R= |QDt|Dv=U 10 ,=@} QkD |x}q l} xm
OwW|t CkO xQ=wty pL=Qt u}= s=tD QO "OwW|t C}=Oy l =N uwQO x@ |m}D=DU=
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W|
U}a =Q =yu; |Q}oQ=Qk |xwLv w jQwQ}D x=Qty x@ Q=@ QU |=yxvRw '10 pmW "CU= xOW

"OyO|t u=Wv
50 C}iQ_ w QDt|Dv=U 15 TQwm =@ |m}rwQO}y lH R= |Q=PoQ=@ p=ta= |=Q@
lH |xvO@ |HQ=N Q]k "CU= xOW xO=iDU= 'OwW|t ?Yv jQwQ}D Q} R QO xm uD

"CU= QDt|r}t 79 5 |Q=PoQ=@ CiW Q]k w QDt|Dv=U 12 7
x@ \@=Q s}U l} ltm =@ xm '|r=D}H}O GvUwQ}v R= wQ}v |Q}oxR=Ov= CyH
p=ta= CyH w 'CU= xDiQo Q=Qk `tW w lH u}@ w xOW pYDt QoW}=tv l}
QO jwi C=R}yHD "CU= xOW xO=iDU= |Oqwi ?rY C=LiY R= `tW |wQ Q@ wQ}v

"CU= xOW xO=O u=Wv 12 w 11 |=ypmW

"|Q=PoQ=@ V}=tR; jQwQ}D |wQ =yxvRw |Q}oQ=Qk |xwLv "10 pmW

"`tW |}=H@=H w wQ}v |Q}oxR=Ov= C=R}yHD "11 pmW

"wQ}v QoW}=tv "12 pmW

"=y`tW |Q=Pos=v |xwLv "3 pwOH
(L/d) L (cm) d (cm) `tW s=v
19 8 218 11 A{1
19 1 210 11 A{2
17 8 196 11 A{3
16 9 186 11 B{1
14 4 158 11 B{2
14 9 164 11 B{3
9 4 118 12 5 C{1
9 4 117 12 5 C{2
10 4 130 12 5 C{3
6 3 101 16 D{1
5 9 95 16 D{2
6 1 97 16 D{3

"`tW uwiOt pw] %L &`tW Q]k %d

"=yv; s=v ?UL Q@ =y`tW Q]k x@ pw] C@Uv Q=Owtv "9 pmW

u=wD|t Qo}O V}=tR; wO G}=Dv |oDU@ty =@ ?}DQD u}= x@ "OwW hPL p}rLD w x} RHD
=y`tW u}= O=a@= ?=NDv= QO |iQ] R= "OQm pY=L u=v}t]= =yu; G}=Dv |DUQO R=
"O=O VWwB =Q =y`tW R= �L/d� |Dw=iDt |=yQ]k x@ pw] C@Uv =D CU= xOW |aU
QO "CU= xOW xO=O u=Wv 3 pwOH QO =yu; s=v x=Qty x@ xOW|Q=iL |=y`tW O=a@=
w u=Um} =y`tW Q]k xwQo Qy QO w Ov=xOW xO=O Q=Qk xwQo 3 QO =y`tW pwOH u}=
=y`tW u}= Q]k x@ pw] C@Uv Q=Owtv '9 pmW "CU= Q@=Q@ sy =@ ,=@} QkD =yu; pw]
�L/d� Q]k x@ pw] C@Uv =y`tW 'OwW|t x_Lqt xm Qw]u=ty "OyO|t u=Wv =Q
w 20 R= QDnQR@ L/d Qeq w Ovr@ |=y`tW QO ,qwtat "Ov=xO=O VWwB =Q 20 =D 6 R=
,=@r=e QwWm |r=tW j]=vt QO xmv}= x@ xHwD =@ "CU= 20 R= QDsm x=Dwm |=y`tW QO
VywSB u}= QO wQ u}= R= 'OvwW|t xO=iDU= 20 R= QDsm L/d =@ x=Dwm |=y`tW R=
T=}kt QO u; G}=Dv O}=W =D OvQ}o Q=Qk xHwD OQwt =y`tW u}= xm CU= xOW |aU

"OQ}o Q=Qk xO=iDU= OQwt R}v |ak=w

pLt QO =y`tW |Q=Wi |Q=PoQ=@ V}=tR; "5
xO=iDU= ASTM D 1143-81 OQ=Ov=DU= R= |Q=Wi |Q=PoQ=@ V}=tR; s=Hv= CyH
QDt|Dv=U 180�80�80 O=a@= =@ |vD@ |=yxvRw R= VywSB u}= QO [19]"CU= xOW

"CU= xOW xO=iDU= ptar=Tma uOQmsy=Qi CyH 'uD 2 7 OwOL uRw w
u}= "OvQ}o|t Q=Qk uD 1 OwOL uRw w QDt 6 pw] x@ |kQwQ}D |wQ =yxvRw u}=
xDN=U RmQtDt Q=@ p=ta= pLt QO xOvvmCNU =@ w QDt|r}t 25 |=yjQw R= jQwQ}D
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RQ=

"`tW |Q=PoQ=@ V}=tR; CUWv � Q=@ |vLvt "13 pmW

QDt|r}t 0 01 CkO x@ |}x@ Qka G}o wO R= `tW |}=H@=H |Q}oxR=Ov= CyH
u}ov=}t w ?Yv =y`tW hQ] wO QO xm 'CU= xOW xO=iDU= QDt|r}t 30 TQwm w
xm CU= sRq QmPD u}= "CU= xOW xO=iDU= `tW |}=H@=H u}}aD CyH =yu; C�=Qk
|wQ `tW |xvO@ R= QDt 1 5 R= V}@ |xrY=i QO xm 'uy; Q}D wO |wQ Q@ =yG}o

"Ov=xOW pYDt |U}]=vet CQwYx@ 'OvQ=O Q=Qk x=ox}mD
|YNWt Pwiv <=R= x@ �CRP� C@=F Pwiv MQv VwQ x@ V}=tR; 'VywSB u}= QO
xt=O= QOkv; |Q=PoQ=@ "CU= xOW s=Hv= xk}kO QO QDt|r}t 2 5 =D 0 75 |xR=Ov= x@
wQi l =N QO Q=@ V}=Ri= uwO@ =y`tW w OUQ@ =Qi |oDN}Uo |x_Lr =D CU= xDi=}
l =N xm |}=Hv; R= "OUQ@ `tW Q]k �15 pk=OL x@ `tW CUWv xmv}= =} w OvwQ
R=QD w CU= �4 C@ w]Q OYQO |xv}W}@ =@ |}xv=O ẁv R= 'xar=]t OQwt |xk]vt
"CU= sm =L xOW|WmyR \}=QW u}=Q@=v@ 'CU= `tW lwv R= QDu}}=B R}v ?; K]U

=y`tW |Q=PoQ=@ V}=tR; G}=Dv "6
"CU= xOW s}UQD |Q=PoQ=@ V}=tR; R= pY=L CUWv ?UL Q@ Q=@ C=Q}}eD |vLvt
G}=Dv R= A-2 w B-3 |=y`tW |Q=PoQ=@ |vLvt xm OyO|t u=Wv pY=L G}=Dv
QO "�13 pmW� OW=@ CUQO Ov=wD|tv w OQ=O |O=} R |xrY=i Qo}O |=y|vLvt
`tW pw] QO Ao w xrY=i OwHw 'A-2 x@=Wt |=y|vLvt RwQ@ Cra R}v |}xar=]t
QO xr�Ut u}= [20]"OwW|t xDU@ pY=wi u}= |Q=PoQ=@ p=ta= =@ xm CU= xOW u=}@
xDiQo OwN x@ |v=mrB Cr=L |Q=PoQ=@ |vLvt w CU= TwULt ,qt=m |Q=PoQ=@ s=ovy
u}= "CU= xOWv xOy=Wt |v=mrB OvwQ u}= =y`tW R= l}I}y QO xm |r=L QO 'CU=
u}=Q@=v@ "OW=@ xOt; OwHwx@ hqe uO}WmuwQ}@ s=ovy QO CU= umtt =y|oOWR=@
xOW hkwDt |Q=PoQ=@ p}rO u}ty x@ 'CU}v swrat `tW u}= |ak=w pw] xm =Hv; R=
h}a[ uD@ OwHw 'B-3 x@=Wt |=y|vLvt O=ONQ p}rO 'xar=]t u=ty QO "CU=
u}= "CU= xOW QmP |Q=PoQ=@ s=ovy QO u; |WQ@ |oDN}Uo =} w `tW pw] QO
QO CUWv "OW=@ |R} QuD@ R= Oa@ uD@ ?U=vt sm =QD sOa Cra x@ Ov=wD|t ha[
|=y|Q=PoQ=@ R= l}I}y QO xm CU= V=xwQosy |=y`tW Q@=Q@ 4 OwOL B-3 `tW
xDiQo |O=} R |xrY=i OwN xwQosy |=y`tW G}=Dv u}ov=}t R= w CU= xOWv xOy=Wt
10 |=Q@ V}=tR; G}=Dv w Ov=xOW hPL C=ar=]t R= =y|vLvt u}= 'u}=Q@=v@ "CU=

"CU= xDiQo Q=Qk p}rLD w x} RHD |=v@t xOv=t}k=@ `tW

|vLvt |wQ R= =y`tW |}=yv |Q@ Q=@ C}iQ_ u}}aD "7
CUWv � Q=@

|OOaDt |=yVwQ|Q=PoQ=@|vLvt |wQ R= =y`tW|}=yv |Q@ Q=@C}iQ_u}}aDCyH
|=y`tW |Q@ Q=@C}iQ_ =yVwQ u}= R=l} Qyltm =@VN@ u}= QO "CU= xOW u=}@
'18 |r= 14 |=ypmW QO xvwtv u=wvax@ "CU= xOW xOR u}tND V}=tR; OQwt
A-1 `tW |=Q@ hrDNt |=yVwQ ltm =@ |}=yv |Q@ Q=@ C}iQ_ u}}aD |xwLv

"CU= xOW xO=O u=Wv
"OyO|t u=Wv =Q =y`tW |}=yv |Q@ Q=@ C}iQ_ G}=Dv 19 pmW w 4 pwOH
|r}N =Q O=Oa= VywSB u}= QO Davisson VwQ 'OwW|t x_Lqt xm Qw]u=ty
OwN x@ =Q |Q@ Q=@ C}iQ_ Q}O=kt u} QDsm `k=w QO w OyO|t CUOx@ xv=Q=mx_i=Lt
=Q x@=Wt |W}=tR; xm u}}W}B |xOt;CUOx@ G}=Dv =@ xH}Dv u}= "CU= xO=O X=YDN=
Q}O=kt "OQ=O Ck@=]t [10w8]'Ov=xO=O s=Hv= \UwDt |r=oJ =@ R}tD |}xU=t l =N QO
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"Vander Veen VwQ x@ A-1`tW |}=yv Q=@ u}tND "17 pmW

"T=tt \N wO s}UQD VwQ x@ A-1 `tW |}=yv Q=@ u}tND "18 pmW
"=y`tW |}=yv Q=@ u}tND G}=Dv |xU}=kt "4 pwOH

�kN� `tW |}=yv Q=@
VwQ s=v

u}ov=}t [20] [14] [11] [7] [6] `tW s=v
42 2 42 7 50 1 57 7 24 8 35 6 A{1
41 7 42 3 70 0 75 0 16 8 27 0 A{3
41 3 41 9 45 9 61 5 25 0 32 3 B{1
35 3 37 0 40 3 46 9 21 8 30 7 B{2
33 4 20 5 40 5 59 1 17 7 29 4 C{1
29 3 33 0 37 0 38 3 14 9 23 5 C{2
33 1 15 5 41 6 60 0 18 5 29 8 C{3
42 6 35 8 48 7 58 3 27 5 42 7 D{1
41 7 34 5 48 9 63 6 23 5 37 9 D{2
45 7 38 0 58 5 66 7 23 5 41 9 D{3

xOQm x@ QHD =Q u}@=v}@ |Q=DiQ R}v T=tt \w]N s}UQD VwQ "OwQ wQi l =N
"CU=

C}iQ_ =D CU= sRq =yV}=tR; G}=Dv |wQ Q@ |r}rLD |UQQ@ l} s=Hv= CyH
xOWQmP |=yVwQ R= |m} ltm =@ =y`tW R=Ht Q=@ =} w =y`tW |}=yv |Q@ Q=@
"OW Oy=wN s=Hv= |UOvyt Cw=[k ltm x@ =yVwQ R= l} Qy ?=NDv= "OwW u}}aD

"Terzaghi VwQ x@ A-1 `tW |}=yv Q=@ u}tND "14 pmW

"Davisson VwQ x@ A1 `tW |}=yv Q=@ u}tND "15 pmW

"Chin VwQ x@ A-1 `tW |}=yv Q=@ u}tND "16 pmW

G}=Dv u}ov=}t =@ Terzaghi VwQ w T=tt \N wO s}UQD VwQ x@ |Q@ Q=@ C}iQ_
"OQ=O |@ wN |Q=oR=U

'CU= `tW Q]k �10 =@ Q@=Q@ |DUWv T=U= Q@ xm 'Terzaghi VwQ
'Fellenius G}=Dv =@ xm OyO|t CUOx@ xar=]t u}= QO =Q |QD|k]vt O=Oa=
|QDq=@ |=y|Q@ Q=@ C}iQ_ Vander Veen w Chin VwQ "OQ=O Ck@=]t R}v
|D}ty= CUWv Q=Okt =yVwQ u}= QO xm CU= u}= Cra "OyO|t CUOx@ =Q
QO Q=@ V}=Ri= uwO@ `tW xm CU= |v=tR `tW |oDN}Uo |x_Lr xmr@ 'OQ=Ov
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RQ="OyO|t u=Wv =Q |tm OOa C-2 `tW "O=O Q=Qk pta lqt =Q wO u}= R= |m} u=wD|t
X=YDN= OwN x@ =Q |Q@ Q=@ C}iQ_ R= |mJwm syU =y`tW |xQ=OH |xU=t QO
hqDN= x@ u=wD|tv =Q C-2 `tW lJwm |Q@ Q=@ C}iQ_ Q=Okt wQ u}= R= w OvyO|t

"O=O C@Uv u; pw] QO |�RH
=Q D-3 w D-1 |=y`tW R= |m} u=wD|t xOW QmP p}qO x@ R}v D xwQo QO
'OvDU}v Q@=Q@ Qo}Om} =@ ,=k}kO =y`tW pw] xm =Hv; R= "O=O Q=Qk p}rLD w x} RHD |=v@t
Qy R= Zwa QO w OwWv xO=iDU= G}=Dv u}ov=}t xm CU= xOW xO=O K}HQD wQ u}= R=
'A-1 `tW 4 |Q@ Q=@ C}iQ_ G}=Dv ?}DQD u}= x@ "OwW ?=NDv= xOv}=tv l} xwQo
Q=Qk xO=iDU= OQwt |r}rLD |UQQ@ l} |@=} RQ= |=Q@ u=wD|t =Q D-1 w C-1 'B-2

"O=O

|Q}oxH}Dv "8
|}=yv |Q@ Q=@ C}iQ_ '`tW |Q=PoQ=@ V}=tR; |QU l} s=Hv= =@ VywSB u}= QO
E=OL= C=}rta s=Hv= QO "CU= xDiQo Q=Qk |@=} RQ= OQwt |}xU=t l =N QO =y`tW
|=y|vLvt "OwW p}tLD l =N x@ |tm |oOQwNCUO xm CU= xOW CkO `tW
pmW|tyU ,=@} QkD \UwDt |r=oJ =@ pLt |}xU=t l =N QO =y`tW CUWv � Q=@
|}=yv |Q@ Q=@ C}iQ_ '=y`tW CUWv � Q=@ |=y|vLvt uDW=OQ=}DN= QO =@ "CU=

"CU= xOW xOR u}tND hrDNt |=yVwQ ltm =@ =y`tW
xv=Q=mx_i=Lt |r}N =Q O=Oa= Davisson VwQ 'VywSB u}= |=y`tW QO
w Siegel w NeSmith |xOt; CUOx@ G}=Dv =@ xH}Dv u}= w OyO|t CUOx@
\UwDt |r=oJ =@ R}tD |}xU=t l =N QO =Q x@=Wt |W}=tR; xm u=Q=mty w Zheng

\N wO s}UQD VwQ =@ |Q@ Q=@ C}iQ_ \UwDt Q}O=kt "OQ=O |Q=oR=U 'Ov=xO=O s=Hv=
T=U=Q@ xm Terzaghi VwQ "OQ=O |@ wN |Q=oR=U Terzaghi VwQ w T=tt
G}=Dv =@ xm OyO|t u=Wv =Q |QD|k]vt O=Oa= 'CU= `tW Q]k �10 =@ Q@=Q@ |DUWv
=Q |QDW}@ Q}O=kt Vander Veen w Chin VwQ "OQ=O Ck@=]t R}v Fellenius

"OyO|t CUOx@ |Q@ Q=@ C}iQ_ |=Q@
C}iQ_ =D CU= sRq =yV}=tR; G}=Dv |wQ Q@ |r}rLD |UQQ@ l} s=Hv= CyH
u}}aD jwi |=yVwQ R= |m} ltm =@ =y`tW R=Ht Q=@ =} w =y`tW |}=yv |Q@ Q=@
QO "OW Oy=wN s=Hv= |UOvyt Cw=[k ltm x@ =yVwQ R= l} Qy ?=NDv= "OwW
u}tND CyH Terzaghi VwQ ?=NDv= =@ xm CU= xOW xO=O u=Wv VywSB u}=
'A-1 `tW 4 |Q@ Q=@ C}iQ_ G}=Dv 'CU= CUWv |=v@t Q@ xm |Q@ Q=@ C}iQ_ G}=Dv
Q=Qk xO=iDU= OQwt |r}rLD |UQQ@ l} |@=} RQ= |=Q@ u=wD|t =Q D-1 w C-1 'B-2
'xOWs=Hv= |Q=PoQ=@ |=yV}=tR; ltm =@ xm CiQo xH}Dv u=wD|t C}=yvQO "O=O
|xO=iDU= OQwt Ov=wD|t xm CU= xOt; CUOx@ =y`tW OQwt QO |v=v}t]= p@=k G}=Dv

"OQ}o Q=Qk u=QoWywSB

"hrDNt |=yVwQ QO `tW s=v ?UL Q@ =y`tW |}=yv Q=@ C=Q}}eD Q=Owtv "19 pmW
"Terzaghi VwQ x@ =y`tW |}=yv |Q@ Q=@ C}iQ_ u}tND G}=Dv "5 pwOH

Qu (kN) L (cm) d (cm) `tW s=v
35 6 218 11 A{1
27 0 196 11 A{3
32 3 186 11 B{1
30 7 158 11 B{2
29 4 118 12 5 C{1
23 5 117 12 5 C{2
29 8 130 12 5 C{3
42 7 101 16 D{1
37 9 95 16 D{2
41 9 97 16 D{3

VwQ ltm =@ =y`tW |}=yv |Q@ Q=@ C}iQ_ u}tND VywSB u}= QO 'p=Ft u=wvax@
=y`tW |}=yv |Q@ Q=@ C}iQ_ u}tND G}=Dv "OQ}o|t Q=Qk |@=} RQ= OQwt Terzaghi

"CU= xOW xO=O u=Wv 5 pwOH QO VwQ u}= x@
xwQo |=y`tW QO xm OwW|t xOy=Wt '=y`tW |Q@ Q=@ C}iQ_ G}=Dv |xU}=kt R=
R= A-3 `tW pw] xm =Hv; R= "CU= l}ORv sy x@ Q=}U@ |Q@ Q=@ C}iQ_ Q}O=kt B

wQ u}= R= 'CU= Q@=Q@ B xwQo |=y`tW =@ u; Q]k w CU= QDnQR@ B xwQo |=y`tW
A-1 `tW u}=Q@=v@ "OW=@ =y`tW u}= R= QDsm Ov=wD|tv A-3 `tW |Q@ Q=@ C}iQ_

"OQ}o|t Q=Qk xO=iDU= OQwt Ov=wD|t G}=Dv p}rLD w x} RHD CyH
xm OyO|t u=Wv C-3 w C-1 |=y`tW |Q@ Q=@ C}iQ_ Q}O=kt C xwQo QO
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